Mutational analysis of murine Mx1 protein: GTP binding core domain is essential for anti-influenza A activity.
Interferon-induced resistance to influenza virus in murine cells is mediated by the Mx1 protein, which inhibits viral mRNA synthesis in the nucleus. Murine Mx1 protein is a GTPase specifically targeted into the cell nucleus and it has a C-terminal leucine zipper domain that mediates its oligomerization. In order to determine functionally important elements of the protein we created several substitution, linker insertion, and deletion mutants of murine Mx1 protein. The antiviral activity of mutant Mx1 proteins was analyzed by a transient transfection/influenza A infection assay in COS cells by indirect immunofluorescence. Mx1 proteins carrying mutations in the vicinity or within the consensus GTP binding elements exhibited markedly reduced, but not completely lost, antiviral activity. Baculovirus produced, GTP binding element substitution mutant Mx1 proteins showed very low (< 10%) GTPase activity as compared to wild-type Mx1 protein. Mutations in other portions of the molecule had less effect on antiviral activity, except one mutant, which was situated six amino acids from the C-terminal end. This mutation evidently interrupted the nuclear localization signal rendering the protein cytoplasmic and clearly reduced the anti-influenza activity. Deletions of various sizes and locations further suggested that the N-terminal half of the molecule is more important in the antiviral activity than other regions of the molecule. These results indicate that the GTP binding domain of Mx1 protein is essential for its anti-influenza activity, correlating to the low GTPase activity of the GTP binding element substitution mutants, but other portions of the molecule such as the leucine zipper and the nuclear localization signal are of importance, too.